Purpose The pediatric Functional Assessment of Chronic Illness Therapy-Perceived Cognitive Function (pedsFA-CIT-PCF) is a 13-item short-form derived from the pediatric Perceived Cognitive Function item bank (pedsPCF), which was developed to measure children's daily cognitive behaviors and was validated on the US general population and children with cancer. This study evaluated the psychometric properties of Spanish language pedsFACIT-PCF and the measurement equivalence between Spanish and English versions. Methods pedsFACIT-PCF items were translated into Spanish using a standard iterative methodology. A total of 1358 English-and 604 Spanish-speaking children aged 8-17 years who completed English and Spanish versions of pedsFACIT-PCF, respectively, were administered through an Internet survey company. Unidimensionality was evaluated using confirmatory factor analysis. Item responses were modeled using item response theory. The presence and impact of differential item functioning (DIF) were evaluated using ordinal logistic regression.
Introduction
Assessing and monitoring cognitive function for children at risk for cognitive decrements due to neurological conditions (e.g., childhood brain tumors) or neurotoxic treatments are important [1, 2] , which is traditionally evaluated by neuropsychological testing. Unfortunately, such testing is not always feasible due to its length, costs, practice effects, or limited manpower in clinical settings. We thus developed the pediatric Perceived Cognitive Function (pedsPCF) item bank, which is intended to serve as a screening tool to identify children at risk and to facilitate timely referral for comprehensive assessments [3, 4] .
The 43-item pedsPCF item bank is psychometrically sound, reliably differentiates children into clinical categories at significant accuracy rates, and is significantly correlated with computer-based neuropsychological tests [3] [4] [5] . The pedsPCF consists of both self-and proxy-reported versions. Multiple short-forms are available, and their scores are comparable between each other as well as to the full-length item bank because all items are calibrated using Item response theory (IRT) model. Of 43 items, 13 items were selected to form the Pediatric Functional Assessment of Chronic Illness Therapy-Perceived Cognitive Function (pedsFACIT-PCF). These 13 items were written based on concerns raised by patients with brain tumors, their parents, teachers and clinicians and have been included in the pedsFACIT-Childhood Brain Tumor Survivor [6] . We translated the English items into Spanish and other language versions (www.facit.org) according to the FACIT translation methodology [7] , a validated and widely used iterative method consisting of forward-and back-translations, multiple reviews and testing with cognitive debriefing to ensure conceptual and measurement equivalence between language versions. Although the pedsPCF and derived short-forms show promising clinical utility, their development should consider the cross-cultural content, to ensure that different language versions tapped the same cognitive domains. In the case of Spanish, this is particularly important given that the proportion of minority groups, especially Latinos born into or descended from a Spanish-speaking community, is dramatically increasing in the US general population [8, 9] .
Although the translatability of the pedsPCF items was assessed during the development process, this study provided further psychometric evidence to ensure that the pedsPCF is harmonized for cross-cultural or language comparisons, by assessing differential item functioning (DIF) [10] , an approach which has been used to evaluate potential item bias across different populations [11, 12] . This study compared responses with the child self-reported version of the pedsFACIT-PCF items among English-and Spanish-speaking populations to provide evidence of the cultural/linguistic equivalence. To monitor PCF from childhood through adulthood, it is necessary to have a validated measure that accounts for developmental changes and differences between boys and girls. Although we found stable item measurement properties in the English version within sample from general population and cancer patients [5] , this study further compared responses with Spanish items by age and sex to ensure that the Spanish version is equivalent in measurement across these subgroups.
Materials and methods

Data sources and measures
This study was approved by the Institutional Review Board of all participating sites. Data were collected from Spanishspeaking parents and their children in the household drawn from the US general population by an Internet survey company, Toluna (www.toluna-group.com). Procedures for data quality control are described at http://www.tolunagroup.com/about-toluna/about/data-quality-approach. Toluna adopted standard operating procedures to ensure that survey data are reliable, valid, de-duplicated and representative. English-speaking sample that was collected in another study [4] served as the comparison for language DIF analysis.
The company sent emails to invite potential parents of participating children from their database to participate in this study. Potential participants were screened via Internet to ensure their eligibility. Criteria for the Spanish sample were (1) Spanish being the primary language, (2) Hispanic and (3) having a child aged 7 or older. Whereas criteria for the English sample included (1) English being the primary language, (2) non-Hispanic and (3) having a child aged 7 or older. Spanish-speaking parents must also meet the eligibility criteria (i.e., \3.0 score in the Short Acculturation Scale for Hispanics) [13] . Eligible parents provided consent for their child to participate and completed a brief socio-demographic and clinical form about the child. Then they passed the computer to the child to complete the items. Recruitment was terminated when the preset accrual goal was reached (n = 300 aged 8-12; n = 300 aged [13] [14] [15] [16] [17] .
Sample characteristics
Data were collected from a total of 1358 English-and 604 Spanish-speaking children. Demographic characteristics of children in English and Spanish samples were similar. The mean ± SD age of children was 12.5 years ± 2.9 in English and 12.3 years ± 3.1 in Spanish samples. Both English and Spanish samples consisted of 50 % children aged 8-12 years, and 50 % aged 13-17 years. In the English sample, 83 % of children were white and 57 % were male, whereas in the Spanish sample 86 % were white and 54 % were male. The mean ± SD age of Spanish parents was 40.0 years ± 7.7; all were Hispanic or Latino origin; 84 % were white, and 38 % were male; 36.9 % were high school graduates or less, 30.8 % some college, and 32.3 % had a college degree or higher. Thirtyfour percent of Spanish-speaking parents had been told by a physician or a health professional that their child had the following conditions: epilepsy (3.6 %), diabetes (2.0 %), cancer (3.3 %), muscular dystrophy (2.8 %), depression (4.8 %), anxiety (3.5 %), alcohol (2.2 %), sleep disorder (6.5 %), multiple sclerosis (0.7 %), asthma (15.9 %) and arthritis (0.8 %). Demographic characteristics of Englishspeaking parents (3) and clinical information of their children [4] were evaluated elsewhere and are not repeated here.
Statistical analysis
We reversed the pedsFACIT-PCF scores prior to data analysis so that high scores reflected better Perceived Cognitive Functioning. We estimated descriptive statistics and reliability indexes and examined the item response theory (IRT) assumptions for the Spanish items. Unidimensionality of the items was examined by fitting a onefactor confirmatory factor analysis (CFA) model using Mplus (criteria: comparative fit index, CFI [ 0.9; TuckerLewis index, TLI [ 0.9; root-mean-squared error of approximation, RMSEA \ 0.08) [14, 15] . Local independence was assessed based on residual correlations among items (criteria: residual correlation B0.2) [16] . We estimated IRT item parameters with Samejima's graded response model (GRM) [17] using IRTPro [18] .
By using an IRT-based ordinal logistic regression framework as implemented in LORDIF [11] , we evaluated DIF on language (Spanish vs. English) for both samples, as well as age (8-12 vs. 13-17 years old) and gender (males vs. females) for Spanish sample only. DIF on age and gender of English sample was evaluated elsewhere [5] and is not repeated here. Zumbo [19] suggested that a change in pseudo-R 2 statistics lower than 0.13 represents negligible DIF. The current study followed Paz et al.'s studies [20, 21] to adopt a more sensitive criterion (i.e., McFadden's pseudo-R 2 change C0.02) to identify meaningful DIF. To test the impact of DIF on individual scores, we calculated differences between scores, ignoring DIF (initial theta) and those accounting for DIF (purified), and estimated the percentages of theta differences that exceed the median standard error (SE) of initial scores and the individual's SEs of initial scores [11] . To test its impact at the test level, we compared Cohen's effect sizes for differences between the two group means, ignoring DIF and those accounting for DIF.
Results
The range for item means ± SDs was 3.69 ± 1.09-3.95 ± 1.13. Frequencies for the items are provided in Table 1 . No items had any categories with \10 responses. Coefficient alpha was 0.97, and item-total correlation ranged from 0.79 to 0.86, suggesting adequate scale reliability. Unidimensionality of items was supported by the acceptable fit from one-factor CFA analysis: CFI = 0.997, TLI = 0.996 and RMSEA = 0.067. Factor loadings of all items were greater than 0.4, and no item-pairs had a residual correlation of 0.2 or higher. Thus, all items were retained for IRT calibration and DIF analyses. Table 2 shows slope and threshold estimates from GRM for all 13 items. The slope estimates ranged from 3.01 to 4.12, suggesting that this scale showed high discrimination properties (expected values between 1 and 5). The threshold parameters ranged from -2.13 to 0.72. The IRTscaled scores ranged from -2.207 to 1.659.
Item parameters
Identification and impact of DIF
One of the 13 items exhibited statistically significant language DIF (Table 3) . Item ''Your child reacts slower than most people his/her age when he/she plays games'' was found to have uniform DIF based on the pseudo-R 2 change of 0.02 criterion. The same DIF result was obtained when using the Zumbo's criterion. The impact of language DIF on test characteristic curves (TCCs) is shown in Fig. 1 . The graph on the left shows the TCC for all 13 items, while the graph on the right shows the TCC for an item with DIF. These curves indicated that the expected total score is higher for the English-than the Spanish-speaking sample, controlling for underlying Perceived Cognitive Function. Figure 2 shows the difference between scores ignoring DIF and those that account for DIF. The difference ranged from -0.064 to 0.048 with a mean of -0.003 as shown in the right panel. No subjects (0 %) experienced salient DIF as their score changes were smaller than the median SE of initial scores (0.206) and their initial SE estimates (ranged from 0.166 to 0.547), indicating that the language DIF effect on individual scores was negligible. Cohen's effect size for the difference between two group means was small (0.019) after identifying and accounting for DIF (from 0.339 to 0.320), indicating that the impact of language DIF at the test level was also minimal.
No items had meaningful DIF with respect to age and gender within the Spanish-speaking sample, indicating stable parameters across age-groups (8-12 vs. 13-17 years old) and gender (male vs. female).
Discussion and conclusion
Lifelong decrements in cognitive function are among the most prominent concerns for children with neurological conditions, which negatively impact their quality of life and family well-being. As the proportion of non-Englishspeaking minority groups in the USA increases, it appears important to have adequate outcome measures to assess them equivalently [22, 23] . Results of this study support the satisfactory psychometric properties of the Spanish version of the pedsFACIT-PCF. DIF analysis showed that both individual-and group-level impact of DIF related to language of administration was minimal, producing only a small effect and clinically insignificant difference in the total score. Thus, we recommend that English version-based parameters could be used on the Spanish-speaking population, which allows for including Spanish samples in the future when evaluating Perceived Cognitive Function.
The limitations of this study are worth noting. We evaluated item bias using the pseudo-R 2 change criterion. However, there is no universal agreement on DIF detection methods. Different methods may have produced different results. Another limitation is that the sample was recruited online, and parents provided consent for their children. Thus, computer illiterate parents and their children were excluded. We did not screen children for Spanish language proficiency. Hence, we were not able to verify whether all children understood the items. Further, our study had twothird respondents who have completed some college or higher education. Although an Internet-based sample with high education status is not uncommon, further studies are necessary for validation of the pedsFACIT-PCF by using respondents with a wider range of education and technology competence that may better represent the US general population. Future studies may collect and evaluate Table 1 b Language subgroups were English (n = 1358) and Spanish (n = 604) Guidelines are placed at 0.00 (solid line) (i.e., no difference) and the mean of the differences (dotted line). The positive values indicate that for majority of English individuals, accounting for DIF leads to slightly lower scores (i.e., initial score ignoring DIF minus score account for DIF [ 0). Therefore, accounting for DIF score is less than the initial score for English-speaking sample, whereas the negative values indicate that for majority of Spanish individuals, accounting for DIF leads to slightly higher scores. Therefore, accounting for DIF score is higher than the initial score for Spanish-speaking sample
